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XXVII. A Galvanometer f o r  Alternate Curretit Circuits. 
By W. E. SUMPNER, D.Sc., and W. C. S. PHILLIPS, B.Sc.* 
THE steady electromotive forces and highly sensitive galvn- 
nometers available for use with direct current tests render 
such tests excellent whether deflexional or balance methods 
are in question. Tests involving change of current, such 
as induction measurements, are not so satisfactory. I n  
ballistic tests the best galvanometers are in many cases not 
sensitive enough, and though balance melhods are available 
they are usually not so simple in working as those in which 
steady currents are employed. Alternate current tests are 
still less satisfactory. It is impossible to generate an elec- 
tromotive force whose constancy is comparable with that of 
a battery or accumulator. Special difficulties arise owing to 
effects of frequency, wave-form and phase. Balance methods 
can be devised, but they are rarely of much use, owing 
to the above difficulties and to the absence of sensitive 
instruments. A distinct advance has been made during the 
last few years by the construction of improved forms of 
vibration galvanometer. But this instrument overcomes only 
some of the dificulties. It  is a sensitive indicator rather 
than a measuring instrument. 'It must be adjusted to 
resonance for the best effects, and its sensitiveness is neces- 
sarily affected by slight changes in current frequency. 
The sensitiveness of ballistic galvanometer tests can be 
greatly increased by the use of mechanical commutators such 
as the secohmmeter of Ayrton and Perry, or subsequent 
modifications of' this by Fleming and Lyle. But such 
methods only make use of a crude form of alternate current, 
and it appears that the simplest and most effective cumulative 
method for testing effects due to changes of current, must 
in the end prove to be one involving the use of alternate 
currents generated in the ordinary way. The construction of 
the indicating instrument constitutes the real obstacle. The 
reflecting instrument for alternate current circuits described 
in this paper is the result of an attempt to overcome this 
difficulty. The instrument is like a moving coil galvano- 
* Read June 10, 1910. 
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ineter in almost every respect, except that its field is due to 
an eJectromagnet excited by an alternating voltage, m e  
theory of non-reflecting instruments of the same type has 
already been fully explained *, but it may be convenient to 
briefly refer to it. 
If an alternating voltage V be applied to an electro- 
magnet whose winding consists of m turns, the core flux N 
will be such that 
where r is the resistance of the coil and A the current 
traversing it. If the coil and electromagnet be so designed 
that for ciirrents of the frequencies used the resistance is 
negligible in comparison with the impedance, we can neglect 
the term rA.  I t  follows that the rate of change of N will be 
at each instant a measure of V, and this will be true what- 
ever the permeability or hysteresis of the core. We thus 
have a magnet whose strength is accurately determined by 
the applied voltage whatever the physical properties of t’he 
core. Such an electromagnet can easily be made very 
strong. Moreover, the shorter the air-gap between the poles 
is made, the denser is the magnetic flux due to  a given 
current, and the greater is the ratio of impedance to resist- 
ance for a given winding. Thus the stronger the electro- 
magnet is made by improving its magnetic circuit, the more 
accurate it becomes, provided this electromagnet is excited 
by the voltage of the circuit. 
Fip. 1. 
V=rA+mfi, . . . . ’ (1) 
t --- .- 
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stampings are of two kinds-a rectangular portion with two 
straight limbs, a, 6, forming the core of the electromagnet, and 
a specially shaped stamping, p ,  between the poles. The 
stamping, p ,  is separated from the magnet limbs on each 
side by an air-gap, Each gap consists of two portions, a 
narrow part about 1 min. across bounded by the straight 
edges of p ,  and a wider portion in which one of the vertical 
sides of the moving coil can turn round the curved edges 
of p .  The moving coil, of 50 turns, is similar in shape, 
suspension, and mode of control to that of an ordinary 
permanent magnet instrument. It has a central spindle 
indicated a t  s and working in a recess suitably stamped in p .  
The pile of stampings is about 4 cm. deep and 9 cm. long, 
the limbs being 1 cm. wide. Each of the limbs, a, 6, is 
wound with a coil of 2000 turns of fine wire, and also with a 
coil of 100 turns of thicker wire. The two fine wire coils 
are put in series and connected to three terminals ; the two 
thicker coils are also put in series and joined up to two 
additional terminals. Thus the instrument can be excited by 
a winding consisting of either 200, 2000, or 4000 turns, 
according to the voltage used. The iron is not too strongly 
magnetized if the winding used contains 20 turns per volt on 
50 cycle circuits. Thus 200 volts may be applied to the 4000 
turn coil, or 10 volts to the 200 turn coil. But the instru- 
ment is so sensitive that such excitation will only be needed 
for exceptional tests. The nioving coil may be used with a 
condenser or other apparatus, either on some special circuit 
or in conjunction with one or other of the field coil windings. 
The instrument has been constructed by Robt. W. Paul, to 
whom several of the working details are due. The following 
are some of the uses :- 
Use us a Voltmeter. 
If  a voltage V be applied to a field coil of m turns and if 
another voltage VI be applied through a condenser of K 
microfarads to the moving coil, it can be shown that the 
torque acting on the moving coil is a measure of 
1 -KTT1, , . . . . . , (2) 
7) L 
2 F 2  
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or of the mean product of the two voltages. If the con- 
denser voltage is obtained from one of the field coils of n 
turns the torque is measured by 
There is really another factor tho value of which would llot 
be quite constant if the induction density in the gap varied 
with the position of the moving coil. But in the present 
instrument this factor is essentially constant owing partly to 
the shape of gap adopted, and partly to  the fact that for a 
reflecting instrument the movement of the coil is very slight. 
Numerous tests have shown that for any given choice of coils 
and condenser, the scale deflexion is strictly proportional to 
the square of the applied voltage quite up to the limits of the 
scde used (300 min. each side of zero for a scale distance of 
1 metre). 
and 12 may each be chosen 
either 200, 2000, or  4000, while the capacity K inay be 
given widely different values. It is thus clear that the 
inslrument can be used as a voltmeter for a large number of 
ranges. From 
a number of tests made under various conditions, the value of 
expression (3) when V is measured in volts and K in micro- 
farads is found to be 1.6 x for a scale deflexion of 
200 millimetres. It follows that this deflexion can be 
obtained 
= 40O0,n = 200, and I< = 3.2 x lod4 m.f,, 
The numbers denoted by 
It will be sufficient to indicate two of these. 
for 200 volts if 
or for 20 iniIlivolts if m=200, n=4000, and I<=4-0 1n.f. 
Tlie deflexion is independent of frequency and wave-form 
if the field winding to which the voItagc is applied has 
resistance negligible in comparison with its impedance. This 
will always be the case if the frequencies used are high. But 
if the frequency is low and the mass of copper used in the 
magnetizing coil is sinall, the resistance of this coil will 
become comparaLie with its impedance. The deflexion will 
then bc dependent o n  freqnency, though for  a given frequency 
it, will still bc n inensure of the product I< V 2 .  Thus if n coil 
of two turns Lc  ~ ~ o u n d  round tlic corc of the mngnct and  be 
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used as the exciting winding ( m = 2 ) ,  and if the moving coil 
be used with the same condenser and field winding as in the 
second case above (n=4000, K=4),  a deflexion of 200 mm. 
will correspond with a reactive voltage i n  the two-turn coil 
of only 0.2 of a millivolt. But i t  will be necessary to apply 
a n-” greater voltage than this to cause the magnetizing 
current to flow through the resistance of the winding. The 
instrument will still act as a voltmeter for constant frequency 
circuits, but its indications will be sensitive to change of 
frequency. 
With the instrument as actually wound, the effect of 
frequency can be represented by the measured values of the 
quantity (3) for a deflexion of 200 min. If this quantity 
when iiiultiplied by 10,000 be called Q, then for the arrange- 
ment nz=4000, n=200, the value of Q is 1 . G d  for 50 cycle 
circuits, 1 -61  for 100 cycle circuits, and 1.73 for 25 cycle 
circuits. That is, the deflexion for a given value of V2 is 
essentially the sanie for all frequencies above 50 cycles per 
second, but is GQ per cent. less if the frequency is dropped 
to 25 cycles per second. For the arrangement m=200, 
sz=4000, a change of frequency produces greater eEect. The 
deflexion for a given value of V2 is 5.2 per cent. greater for 
100 cycles, and IS% per cent.less for 25 cycles, than i t  is for 
50 cycles, When the main coil is used for both voltage and 
condenser ( s n  = n = 4000) there is no appreciable change of 
constant for frequencies between these limits. 
The effect of frequency on the value of Q is mainly due to 
the phase error represented approximately by the ratio of 
resistance to iinpedanco of the coil to which the voltage is 
applied. This ratio on 50 cycle circuits is 2.6 per cent. for 
the 4000 turn coil, and 10.6 per cent. for the 200 turn coil. 
But Q is also affected by slight amounts of magnetic leakage 
(betwocn the windings) dopendent on the arrangement of 
coils used. Other properties of the magnet are deducible 
from the data that on 50 cjcle circuits the power factor of 
the magnetizing coil is 0.14 ; the ampere turns needed for the 
magnet are 6 U ; and the flux density in the iron is 80 zc ; 
where U is the number representing the voltage applied per 
1000 turns, or the millivolts per turn. For special uses of 
the instrument the phase error of the magnet can be reduced 
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by applying a suitable condenser direct to one of the field 
windings. Thus the power factor of the 200 turn coil can 
be raised to unity on 50 cycle circuits by applying a condenser 
Fig. 2. 
Fig. 3. 
A 
RI R2 
q + r l  R ,+r ,  
M* - -. M -2
of 1.1 m.f. to the 4000 turn coil, the ratio of resistance to 
impedance is reduced from 10.6 per cent. to 1.5 per cent., 
and the phase error is reduced t o  zero. 
GALVANOMETER FOR ALTERNATE OURRENT CIRCUITS. 401 
Use with Null Methods. 
Figs. 2-7 illustrate the ordinary bridge methods for com- 
paring inductances and capacities. In these methods a 
ballistic galvanometer is used as an indicator, and to test 
Fig. 5. 
A . - ,  
RI  R2 
L L 
lt,+r, - R,+T, --- 
Fi:. 6. 
M S 
the 
. . . . .  
m.c. ' 
R K 
- M =KS. 
R S T  
Fig. 7. 
L r  S 
K R 
balance the current A through the arnis of the bridge is made 
or broken by a key. The equation representing the condition 
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for inductive balance is indicated in each case beside the 
figure. The zero deflexion condition for steady currents 
holds necessarily in the three cases of figs. 2, 4 and 6 ; but a 
troublesome special adjustment is iieedecl in the case of fig 3; 
n hile in the cases of figs. 5 and 7 the adjustment for steady 
currents is impossible. I n  these figures capacities, self- 
inductances, and mutual inductances are respectively denoted 
by the letters K, L, M ; resistanceq are indicated by the 
letters R, r, and S ; while the indicator is denoted by m.c. 
All these methods may be used with the present instru- 
ment for steady inductive halances on alternate current 
circuits, and the same forinnlzo apply t o  the zero deflexion 
condition, provided (i.) the alternate voltage V applied to the 
field-coil of the instrument also causes the current A through 
the bridge conductors, (ii.) the alternate current A is made 
essentially cophasal with V by the use of suitable non- 
inductive resistances as indicated by the zigzag lines in the 
figures, (iii.) the moving coil v2.c. of the instrument is placed 
directly across the bridge (using a reversing key when 
desirable). 
It results from the special properties of the instrument 
that the flux in the gap of the electromagnet is in quadrature 
with the applied voltage (and thus in quadrature with A). 
The inductances or Capacities produce yoltages or currents 
also in quadrature with A, and thus in phase with the flux, 
so that their phase is such that they produce the masimum 
torque on the moving system. 
These methods have all been thoroughly tested on alternate 
current circuits with the present instrument, and with most 
satisfactory results. The balance can be adjusted with ease 
t o  one part in 10,000, when the voltages set up  on the coils 
or  condensers are merely of the order of one volt, and thus 
suitable for use with the resistance boxes ordinarily found in 
laboratories. 
TlThell a balance of 
groat precision is needed, the minute electromotive force e, 
induced in the moving coil by the alternating field of the 
mngnet, tends to cause a smnll deflexion disturbing the 
Lalance. When the moving coil circuit is essentially non- 
Certitin special points call for notice. 
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inductive, as for the cases of figs. 3,4 and 5, the current due 
to e will be in phase with e,  and in quadrature with the flux, 
and in such cases the corresponding deflexion will in general 
be negligible. For the inductive circuits represented in 
figs. 2, 6 and 7, this will not be the case, and a small de- 
flexion due to e will occur. But  in all cases any effect due to e 
can be acciirately eliminated by using a false zero method, 
that is, by adjusting the balance till the reading on the scale 
is unaltered by switching the bridge current A on or off. 
The induced voltage e is due to the voltage applied to the 
field coil, and is unaffected by changes in A. I n  most 
cases i t  will be found sufficiently accurate to take the mean 
of the two conditions of balance obtained by using a 
reversing key with the moving coil. The false zero method 
is simpler and is mathematically accurate, though in prac- 
tice, as with all false zero methods, there is a liability to 
a small error dueto the variations of the false zero deflexion 
in sympathy with fluctuations in the main current or 
voltage. 
The formula given for balance expresses the necessary and 
sufficient condition that the two electromotive forces set up in 
the coils, or on the condensers, of the bridge, send, through 
the moving coil, currents which are equal in magnitude and 
exactly opposite in phase". But  if this condition is not quite 
fulfilled, the unbalanced current will not necessarily be in the 
best phase to  influence the deflexion unless certain limitations 
are borne in mind. The resistances R must not be made too 
small, and the resistances S must not be made too large. 
Othermise the sensitiveness of the instrument to indicate want 
of balance is adversely affected, although the condition of 
balance remains as stated, except for minute correction terms, 
due to secondary effects of self-induction, &c., which have 
Been neglected. 
I n  the cases 
of figs. 3,5, and 7 an additional current through the moving coil is caused 
by the  resistance of the inductance coils. This current is in quadrature 
wit11 the field, and does not cause any deflexion. There is thus no need 
filr a troublesome double adjustmeut as in corresponding tests in which 
other iiistruments are used. 
* This is strictly true for the  cwes of figs. 2,4, and 6. 
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We have found on investigation that the only cases which 
need be considered are those in which condensers are used 
(figs. 2, 6 and 7). The value of K S p  (where p is 2n  times 
the frequency) represents the tangent of the angle by which 
the phase of the moving coil current differs from that of the 
magnet field. It may easily become comparable with unity, 
as will be apparent from the fact that on 50 cycle circuits 
with K equal to 1 microfarad, and S equal to 1000 ohms, the 
value of K S p  is 0.314. But  it will be found easy to adjust 
the conditions of the bridge in all the cases considered so as 
to render these tests quite satisfactory in practice. 
One or two examples of these bridge methods may be given 
to illustrate the conditions o€ working. 
The method of fig. 6 was used to test the values of M for 
a primary coil of 500 turns in conjunction with two secondary 
coils. The three coils were wound on a wooden bobbin and 
the primary wire was suitable for a current of 2 amperes. A 
current of 1.1 ampere was passed through the bridge, and 
28 volts were applied to the 4000 turn coil, the frequency 
being 50 cycles per second. A standard resistance of 
0.9995 ohms was used for S, and a standard mica condenser 
of 1.0155 m.f. was used for K. A n  ordinary resistance-box 
was used for R. Using the first secondary coil the value of 
R + T was adjusted to 4225.1 ohms. The corresponding value 
of M works out to be 4.2885 millihenries. A similar test 
with the other secondary yielded 3.8499 m.h., and one with 
the two secondaries in series yielded 8.1398 m.h. The sum 
of the values of M for the two secondaries is 8.1384 m.h. 
The small inconsistency is easily attributable to errors in the 
resistance-box, to small capacity effects in these resistances, 
or to similar causes of no present interest, the point being 
that it was possible to adjust R to one part in 40,000, under 
conditions of test which could easily have been rendered more 
sensitive. The current used with the bridge could have been 
quadrupled, and the strength of the field could have been in- 
creased ten times, without injuring the apparatus, and with- 
out altering the quantities under test. 
The method of fig. 2 was used to compare the capacity of 
a paraffin paper condenser (about 0.9 m.f.) with the standard 
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mica condenser just referred to. The 4000 turn field-coil 
was subjected to 20 volts on a 50 cycle circuit. From this 
voltage was obtained, by means of a small transformer, a 
cophase voltage of 2.5 volts suitable for the bridge conductors. 
The resistances S were kept below 2000, and various tests 
were made. I t  was always possible to adjust the balance to 
1 part in 10,000, but the inconsistencies in the various tests 
amounted to 2 parts in 1000 and are attributable to pheno- 
mena (such as a partial conduction in the paper condenser) 
affecting the exact formula for balance. 
An adjustable air-condenser, formed of a fixed and moving 
set of plates like a multicellular voltmeter, was tested for 
capacity against the standard mica condenser above referred 
to. The maximum capacity was measured as 0.0023 m.f., or 
only 0.2 per cent. of that of the standard. It was always 
possible to measure the capacity in any position far more 
accurately than the condenser could be adjusted to this posi- 
tion. The method of fig. 2 was used, but higher voltages 
were applied to  the bridge than in the previous test. The 
4000 turn fieid-coil was subjected to  30 volts, and this voltage 
was also used for the condenser bridge, a resistance of 9000 
ohms, made for the pressure circuit of a wattmeter and 
suitable for high voltages, being used in association with the 
air-condenser. The standard mica condenser was used as Kl. 
The associated resistance SI was taken from an ordinary 
resistance-box. I t  was set at various values up to 22 ohms 
as a maximum. The 9000 ohm resistance was used for Se, 
and the air-condenser K2 was adjusted for each value of SI 
till balance was obtained. The maximum voltage to  which 
The 
false zero method was employed for balance, the moving coil 
voltage causing a deflexion of about 10 centimetres. 
It is to be noted that in a11 these bridge tests the phase 
error of the electromagnet due to the resistance of the field 
winding does not lead to any error, but merely causes a 
negligible change of sensitiveness due t o  R shift of phase 
of the moving coil current as compared with that of the 
field. 
was subjected in tliese tests was less than 0.1 volt. 
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Other Uses of the Instrument. 
The voltmeter tests previously described show that the 
instrument can be used to  measure very small capacitiefi, 
especially in cases where it is possible to apply high voltages 
to the condenser. It will be apparent from expression (2) 
that  if the voltage VI applied to the condenser is in phase 
with the voltage V applied to the field, and a known multiple 
of it, the sensitiveness can be indefinitely increased by making 
VI large. 
Thus two circular brass plates of 7.3 cm. diameter and 
about 6 min. apart were tested as a condenser, and found to 
have a capacity of 6 ~ 1 0 - ~  microfarad. This capacity 
caused a deflexion of 180 mm. when 102.4 volts were applied 
to  the 4000 turn coil, and, by means of a transformer, 
890 volts were applied to  the condenser plates through the 
moving coil. The capacity tested being so small it was found 
necessary to eliminate capacity effects associated with the 
wires used for the connexions. This was done by talring the 
difference of two deflexions obtained wit8h the connexion to  
one of the plates alternately made and broken. Earthing 
conditions had to be carefully attended to. Good values 
have been obtained for the specific inductive capacities of 
plates of various dielectrics, but we have as yet not had time 
to  properly carry out such tests, which for accurate results 
require balance methods with guard-ring condensers. 
The instrument has not yet been tested with alternate 
currents of higher frequencies than 100 cycles per second, 
but there appears no reason to suppose there will be any 
difficulty in the way of its use €or high frequency work. 
Added July, 1910.--1SIr. A. Campbell has drawn our 
attention to a paper, previously unknown to us, in which 
Stroud and Oates (Phil. Mag. 1903) describe an instrument 
resembling in some respects the galvanometer here referred to. 
The paper gives data of the electroniagmet showing that it 
contained a greater volume of iron than that of the instru- 
nlent here described. But  no details are given of the air-gap 
between the poles, and it does not appear that any attempt 
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was made to produce a magnetic field whose phase is essenti- 
ally in quadrature with that of the applied voltage. The 
characteristics of the present instrument are the result of 
such a relationship. J . n  the Stroud galvanometer the field in 
the gap is probably stronger and less uniform than that of 
the instrument here described ; since the disturbing influence 
of this field on the moving system seems much more serious. 
ABSTRACT. 
Tests of effects due t o  change of current, such as induction pheno- 
mena, are often hard t o  carry out because the ballistic galvanometer 
available is not sensitive enougb. Alternate current tests are still less 
satisfactory owing t o  special difficulties. The vibration galvanometer 
overcomes only a few of these difficulties. It must be adjusted t o  
resonance for  the best effects, and its indications vary with current 
frequency. The sensitiveness of ballistic galvanometer t,ests can be 
greatly increased by the  use of some form of mechanical commutator 
by means of which a crude form of alternate current is produced. A 
better method would be to  generate the current i n  the usual way if 
a suitable instrument existed. The galvanometer here described is the 
result of an attempt t o  construct a measuring instrument by means of 
which inductances and capacities can be compared by bridge methods as 
accurately as it is possible to  compare resistances. The instrument is 
like a moving coil galvanometer in almost every respect, except tha t  i ts  
field is due to  a specially constructed electromagnet excited by  a n  
alternating voltage. This voltage V is applied t o  a winding of m turns  
of the electromagnet, and the  core flux N is such tha t  
V = rA+?ng, 
where 1' is the resistance of the winding and A the current traversing it. 
The coil and electromagnet are so designed tha t  for currents of the  
frequencies used the vdue  of TA is negligible in  comparison with V. 
The rate  of change of N will therefore be at each instant a measure of V, 
whatever the permeability or hysteresis of the core. The instrument has 
a laminated electromagnet formed of stampings of two kinds-a rect- 
angular portion with two straight limbs forming the core of the 
electromagnet, and a specially shaped stamping between the poles. The 
moving coil of 50 turns swings in  a narrow gap separating the stampings, 
in much the same way as in a permanent magnet instrument. On 
the limbs of the magnet are windings of 200, 2000, and 4000 turns. 
The iron will not be too strongly magnetised if the winding used contains 
20 turns  per volt 011 50 - circuits, but the instrument is so sensitive 
that  such excitation will only be needed for  exceptional tests. 
If a voltage V be applied to  one of tho field coils of nz turns, and if 
the same, or another, field winding of n turns be joined up, throngh a 
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condenser of K microfarads, to  the moving coil, the torque acting on this 
moving coil will be a measure of 
Kn ; 
L e .  the deflexion is proportional to the square of the voltage. By suitably choosing IF, m and n, the voltmeter may be used over a large 
number of ranges. Thus with the instrument shown a deflexion of 
200 mm. on a scale a t  1 metre distance, can be obtained either for 
200 volts or for 20 millivolts. The deflexion is independent of frequenev 
and wave-form if the field-winding to which the voltage is applied has a 
resistance negligible in comparison with its impedance. Thus with 
ln=@0C) and n=200 it was found that the value of V' required to give 
a certain deflexion was independent of frequency between 50- and 
loo-, but a t  25- it was 63 per cent. less than at 501.. At any fixed 
frequency the deflexion will always measure KV2. The instrument may 
be used with great advantage to  compare inductances and capacities by 
the ordinary bridge methods, the working conditions being (i.) the 
alternating voltage V applied to  the field coil of the instrument must 
also cause the current in the bridge conductors, (ii.) the alternate current 
in the bridge must be made in phase with the voltage V by the use of 
suitable non-inductive resistances, (iii.) the moving coil must be placed 
directly across the bridge. 
The balance can be adjusted with ease to  1 part in 10,000 when the 
voltages set up on the coils or condensers are of the order of 1 volt. 
When a balance of great precision is needed, the minute electromotive 
force e induced in the moving coil by the alternating field of the magnet, 
tends to cause a small deflexion disturbing the balance. When the 
moving coil circuit is non-inductive, the current due to e will be in phase 
with e and in quadrature with the flux so that the corresponding deflexion 
will be negligible. But in all cases any effect due to e can be accurately 
eliminated by working to a false zero. As illustrations of the behaviour 
of the instrument, the results of tests are given on the measurement of 
the mutual induction of coils, the comparison of capacities, and the 
measurement of Specific Inductive capacity. 
DISCUSSION. 
Mr. A. CAMPBELL expressed his admiration of the galvanometer and 
in particular of the ingenious method of connecting it with a condenser 
when voltage is to be measured. He  remarked that the instrument wa8 
very similar in construction and use t o  that  used by earlier experimenters. 
Stroud and Oates (Phil. Mag. 1903) described such a galvanometer and 
showed how sensitive it was for testing condensers by Anderson's 
method and for other purposes ; and Terry (Phys. Review, 1905) used 
similar one for accurate comparisons of condensers. Abraham ( Compte8 
Ren/Z?ca, Apr. 1906) described another in which the false zero was got rid 
of by a compensating arrangement. 
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With regard to vibration galvanometers, there is no difficulty in 
keeping them in tune on any reasonably steady alternating circuit. I n  
the bridge methods illustrated in the paper, a double adjustment is 
necessary when a vibration galvanometer is used, and in general an 
evaluation of effective resistance or leakage resistance can be made 
simultaneously with the measurement of inductance or capacity. He 
asked the Authors if this double adjustment can be entirely dispensed 
with when the quadrature galvanometer is used. It would be interesting 
also to know how the instrument would work with non-sinusoidal wave- 
forms in a case where the balance depended on the frequency. 
Mi.. W. DUDDELL asked if the Authors could supply more numerical 
data so that the instrument could be compared with other galvanometers 
of similar design. He  pointed out that the tests were simplified owing 
to  a double adjustment being unnecessary. 
Mr. IRWIN thought that with small modifications the instrument 
would be useful for tests other than those described in the paper. It 
might for example be used in determining the resistance of electrolytes. 
He pointed out that  errors might arise due to a small amount of 
magnetic material in the moving coil. 
Dr. SUMPRER stated, in reply to Mr. Campbell and Mr. Duddell, that 
the object of the special shape of pole-piece was t o  increase the impedance 
of the exciting coil. Electromagnet galvanometers were not new, but 
the special mode of controlling the magnetic flux by the applied voltage 
was novel. The behaviour of the instrument was a direct consequence 
of this device. The vibration galvanometer responded to a voltage 
irrespective of its phase, and hence in some tests troublesome double 
adjustments were needed. This was not the case with the new instru- 
ment in regard to any of the tests described in the paper. The current 
taken by the instrument could easily be calculated from data given in 
the paper. In  reply to  Mr. Irwin, the Author said that the small 
deflexion due to magnetic impurities in the moving coil could be 
eliminated in all balance tests by using a false zero method. In  
deflexional methods the effect could be rendered negligible by reducing 
the voltage exciting the field, and using a moving coil current of 
correspondingly increased strength. 
Mr. PHILLIPS stated that the present paper was preliminary to a more 
detailed account of the work which had been done with the instrument. 
In reply to  Mr. Irwin, he stated that it was proposed t o  make use. of the 
instrument to measure the Specific Inductive capacity of materials and the 
resistance of electrolytes. 
